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Introduction {#jah31975-sec-0004}
============

Acute stroke is a leading cause of death and disability in the United States.[1](#jah31975-bib-0001){ref-type="ref"} In‐hospital management of stroke is complex and costly, and availability of resources for the treatment of stroke varies by geographic region.[2](#jah31975-bib-0002){ref-type="ref"}, [3](#jah31975-bib-0003){ref-type="ref"}, [4](#jah31975-bib-0004){ref-type="ref"} The relationship between resource utilization and acute stroke patient quality of care and outcomes has not been fully established. Access to stroke specialists can support the identification of high‐risk patients and selection of those who will benefit from acute interventions that are available at specialized stroke centers.[5](#jah31975-bib-0005){ref-type="ref"} However, results from a number of studies indicate that patients living in regions with more healthcare resources or a greater degree of healthcare spending may not experience higher quality care or better outcomes than those living in regions with fewer resources.[6](#jah31975-bib-0006){ref-type="ref"}, [7](#jah31975-bib-0007){ref-type="ref"}, [8](#jah31975-bib-0008){ref-type="ref"}, [9](#jah31975-bib-0009){ref-type="ref"} Whether greater regional healthcare resource availability is associated with better quality of acute stroke care and improved clinical outcomes remains unclear.

We examined the geographic variation in per‐capita healthcare resources available for the treatment of acute stroke using publicly available data from the Dartmouth Atlas of Health Care (DAH) and in‐hospital data from the Get With The Guidelines‐Stroke (GWTG‐Stroke) quality improvement initiative. We also estimated the association between availability of resources relevant to the treatment of acute stroke and quality of care in addition to in‐hospital outcomes, including complications and mortality.

Methods {#jah31975-sec-0005}
=======

Data Sources {#jah31975-sec-0006}
------------

We linked data from the American Heart Association\'s GWTG‐Stroke to DAH to ascertain information on healthcare resource distribution. GWTG‐Stroke is an ongoing, national quality improvement initiative begun in 2003 to optimize care for hospitalized stroke patients by improving adherence to evidence‐based guidelines. Trained personnel enter deidentified demographic, clinical, and event information at participating sites. Details of the GWTG‐Stroke program have been previously described.[10](#jah31975-bib-0010){ref-type="ref"}, [11](#jah31975-bib-0011){ref-type="ref"} The DAH is a publicly available data set that provides numbers of physicians by specialty, hospital‐based registered nurses, and inpatient beds per 100 000 residents for individual hospital referral regions (HRRs) in the United States.[7](#jah31975-bib-0007){ref-type="ref"} Healthcare resource data are available from 2003 to 2007. We linked GWTG‐Stroke hospitals to referral regions using a crosswalk file from the DAH that links HRR number to zip code for each GWTG‐Stroke hospital. There are a total of 306 HRRs defined in the 2006 DAH resource data; the linked GWTG‐Stroke hospitals represented 301 of the HRRs. The 5 HRRs not represented in GWTG‐Stroke include: (1) Tuscaloosa, Alabama (HRR \#9); (2) San Luis Obispo, California (HRR \#83); (3) Covington, Kentucky (HRR \#203); (4) Hickory, North Carolina (HRR \#315); and (5) Elyria, Ohio (HRR \#331).

Study Population/Exclusions {#jah31975-sec-0007}
---------------------------

Our starting population included 1 525 113 GWTG‐Stroke patients aged 18 years and older who were discharged from 1988 sites (January 2006--September 2013) with a final clinical diagnosis indicating ischemic stroke. We excluded patients seen at hospitals with \>25% missing medical history data (n=41 632), as well as patients seen at hospitals not in the DAH crosswalk (n=3173). After exclusions, our final analytic population consisted of 1 480 308 patients from 1898 clinical sites.

Exposure Definition {#jah31975-sec-0008}
-------------------

Healthcare resource categories were defined according to the per 100 000 population number of the following: neurologists, radiologists, emergency room physicians, physical medicine and rehabilitation specialists, hospital‐based registered nurses, and number of inpatient hospital beds.

We calculated median levels of healthcare resources based on the per‐capita distribution of resources for all HRRs in the study sample. We then classified each HRR as high (\>50th percentile in at least 5 resource categories), medium (\>50th percentile in 3 or 4 categories), or low (\>50th percentile in fewer than 3 categories) to produce groups of relatively comparable size and promote stability in effect estimates. The distributions of each healthcare resource are provided in Table [S1](#jah31975-sup-0001){ref-type="supplementary-material"}. In a sensitivity analysis, we examined the association between clinical outcomes and each of the 6 individual resources (Table [S2](#jah31975-sup-0001){ref-type="supplementary-material"}).

Outcome Definition {#jah31975-sec-0009}
------------------

The primary outcome of interest was performance on quality‐of‐care indicators and timeliness metrics, estimated at the patient level. Receipt of quality‐of‐care metrics was estimated for eligible patients only and included venous thromboembolism prophylaxis for patients not ambulating by hospital day 2, antithrombotics by hospital day 2, tissue plasminogen activator (tPA) within 3 hours for patients arriving within 2 hours of symptom onset, anticoagulation for atrial fibrillation, antithrombotics at hospital discharge, lipid‐lowering mediation at discharge, dysphagia screening, stroke education, smoking cessation counseling, and assessment for rehabilitation services.[12](#jah31975-bib-0012){ref-type="ref"}, [13](#jah31975-bib-0013){ref-type="ref"} We also considered performance on a global composite measure, defect‐free care, which was defined as the receipt of all performance measures for which the patient was eligible. Timeliness metrics included door‐to‐brain imaging within 25 minutes, door‐to‐needle time within 60 minutes for tPA patients, and treatment by 4.5 hours for tPA patients who arrived within 3.5 hours. Secondary outcomes of interest were also estimated at the patient level and included in‐hospital complications (pneumonia, deep vein thrombosis/venous thromboembolism, and tPA‐related complications), length of inpatient hospital stay, in‐hospital mortality, discharged to home, and independent ambulatory status at discharge.

Statistical Analysis {#jah31975-sec-0010}
--------------------

Baseline characteristics, comorbidities, and laboratory data are described overall and by resource availability (high, medium, or low). Categorical variables are presented as counts and proportions; continuous variables are presented as medians with 25th and 75th percentiles. Quality‐of‐care and timeliness metrics are compared by resource availability using standardized differences. We evaluated the association between healthcare resource availability and length of inpatient hospital stay using multivariable linear regression models. Length of inpatient hospital stay was log‐transformed for normality assumptions of the linear regression. The association between resource availability and in‐hospital outcomes, including mortality and complications, was assessed using standardized differences (unadjusted) and multivariable logistic regression (adjusted models). All regression models used generalized estimating equations to account for clustering of patients and were adjusted for clinical and hospital characteristics (demographics, comorbidities, medication use, event characteristics, hospital bed size, teaching status, region, and urban/rural location). For linear regression analyses, linearity was assessed for the relationship between continuous adjustment variables and outcomes and transformations applied, as needed. Single imputation was used for missing values, with missing values for continuous variables imputed to the median, and missing values for categorical variables to the most frequent category. Variables with a missing rate of \>20% were not considered for adjustment.

Since stroke severity is an important predictor of length of hospital stay and clinical outcomes, a sensitivity analysis further adjusted for stroke severity using the National Institutes of Health Stroke Scale in the subset of patients with non‐missing National Institutes of Health Stroke Scale scores (n=898 148; 60.7%). All statistical analyses were performed using SAS software version 9.3 (SAS Institute, Inc., Cary, NC). We considered *P*\<0.05 to be statistically significant for all analyses. The GWTG‐Stroke study was approved by Duke\'s institutional review board. All participating hospitals received either approval to enroll without individual patient consent under the common rule or a waiver of exemption from subsequent review by institutional review boards.

Results {#jah31975-sec-0011}
=======

Of 1898 hospitals included in the analysis, 29.1% were in low‐resource regions, 45.5% in medium‐resource regions, and 25.4% in high‐resource regions. Of 1 480 308 patients enrolled in GWTG‐Stroke from 2006 to 2013, 28.8% were hospitalized at sites in low‐resource regions, 44.3% in medium‐resource regions, and 26.9% in high‐resource regions ([Figure](#jah31975-fig-0001){ref-type="fig"}). The distribution of patient and event characteristics by regional resource level is provided in Table [1](#jah31975-tbl-0001){ref-type="table-wrap"}. Age and sex distributions were similar across resource levels, but patients hospitalized in medium‐resource regions were more likely to be white than those in low‐ or high‐resource regions. Comorbidity burden was similar across resource levels, with comparable rates of prior stroke/transient ischemic attack, diabetes mellitus, coronary artery disease, hypertension, and heart failure across low‐, medium‐, and high‐resource regions. Examination and laboratory data, including body mass index, systolic blood pressure, and cholesterol did not vary substantially by resource region. Patients hospitalized in high‐resource regions were more likely to arrive by emergency medical services, but had longer prehospital delays than those hospitalized in lower‐resource regions.

![Proportion of hospital resource regions (HRRs) and Get With The Guidelines‐Stroke patients by resource category. This figure displays the proportion of HRRs and patients enrolled in Get With The Guidelines‐Stroke Registry by hospital resource level, based on availability per 100 000 residents of neurologists, radiologists, emergency room physicians, physical medicine and rehabilitation specialists, hospital‐based registered nurses, and inpatient hospital beds.](JAH3-6-e003813-g001){#jah31975-fig-0001}

###### 

Baseline Patient Characteristics by Regional Resource Level

  Variable[a](#jah31975-note-0003){ref-type="fn"}   HRR Resource Level[b](#jah31975-note-0004){ref-type="fn"}   Standardized Differences                              
  ------------------------------------------------- ----------------------------------------------------------- -------------------------- ------------------- ------ ------
  Demographics                                                                                                                                                        
  Median age, y (25th, 75th percentiles)            72.0 (60.0, 82.0)                                           73.0 (61.0, 83.0)          73.0 (60.0, 82.0)   4.4    2.3
  Female sex, No.                                   51.1                                                        51.6                       52.4                1.0    2.7
  White race, No.                                   69.4                                                        73.3                       69.4                9.0    0.1
  Medical history, No.                                                                                                                                                
  CAD/prior MI                                      25.8                                                        25.8                       27.1                −0.1   2.9
  Diabetes mellitus                                 32.5                                                        31.5                       32.4                −2.2   −0.2
  Prior stroke/TIA                                  30.8                                                        30.3                       31.1                −1.1   0.6
  Smoking                                           18.6                                                        18.3                       19.3                −1.0   1.6
  AF                                                17.3                                                        18.8                       18.4                4.0    2.9
  HF                                                7.0                                                         7.4                        8.1                 1.5    4.0
  Hypertension                                      75.1                                                        75.2                       76.4                0.2    3.1
  Laboratory and examination data                                                                                                                                     
  BMI, kg/m^2^, median (25th, 75th percentiles)     26.8 (23.4, 31.1)                                           26.9 (23.4, 31.2)          27.1 (23.5, 31.4)   0.6    3.2
  SBP, mm Hg, median (25th, 75th percentiles)       154 (135, 176)                                              154 (136, 176)             154 (136, 176)      0.4    1.6
  Total cholesterol, mg/dL, median (IQR)            167 (139--200)                                              167 (138--199)             167 (139--200)      −1.2   −0.1
  LDL‐C, mg/dL, median (25th, 75th percentiles)     98 (75, 126)                                                98 (74, 125)               98 (74, 126)        −1.7   −1.3
  Event characteristics                                                                                                                                               
  EMS arrival                                       48.3                                                        47.6                       50.2                −1.4   3.8
  Median prehospital delay, min                     699 (141, 2118)                                             694 (145, 2110)            717 (162, 2149)     0.0    0.0
  Ambulating by day 2                               44.2                                                        44.2                       41.7                0.1    −5.1
  NIHSS score, median                               4.0 (2.0, 11.0)                                             4.0 (2.0, 10.0)            4.0 (2.0, 10.0)     −2.8   −3.6

AF indicates atrial fibrillation; AMI, acute myocardial infarction; BMI, body mass index; CAD, coronary artery disease; EMS, emergency medical services; HF, heart failure; HRR, hospital referral region; IQR, interquartile range; LDL‐C, low‐density lipoprotein cholesterol; MI, myocardial infarction; NIHSS, National Institutes of Health Stroke Scale; SBP, systolic blood pressure; TIA, transient ischemic attack.

Chi‐square tests used for categorical variables and Kruskal--Wallis tests for continuous variables. All *P* values for comparison were \<0.0001. Values are percentages unless otherwise indicated.

Based on availability per 100 000 residents of neurologists, radiologists, emergency room physicians, physical medicine and rehabilitation specialists, hospital‐based registered nurses, and inpatient hospital beds.

Table [2](#jah31975-tbl-0002){ref-type="table-wrap"} presents the distribution of evidence‐based care metrics by resource region. Receipt of defect‐free care was slightly higher for patients hospitalized in high‐resource regions. Patients hospitalized in high‐resource regions were slightly more likely to receive venous thromboembolism prophylaxis, antithrombotics at discharge, statins at discharge, and smoking cessation counseling than those seen at sites in lower‐resource regions; however, standardized differences for these metrics were all less than 10% (the a priori threshold indicating negative correlation between the exposure group and the binary variable[14](#jah31975-bib-0014){ref-type="ref"}). We observed small differences in the proportion of patients meeting timeliness metrics by resource region, with higher proportions of patients receiving tPA within 3 hours and meeting the door‐to‐needle time of 60 minutes from hospital arrival to tPA administration. On average, patients hospitalized in low‐resource regions were less likely to be cared for in a stroke unit (28.1%) than patients in medium‐ (33.7%) or high‐ (38.6%) resource regions (*P*=0.014).

###### 

Healthcare Resource Availability and Acute Stroke Care

                                                            HRR Resource Level[a](#jah31975-note-0006){ref-type="fn"}   Standardized Differences, %[b](#jah31975-note-0007){ref-type="fn"}                
  --------------------------------------------------------- ----------------------------------------------------------- -------------------------------------------------------------------- ------ ----- ------
  Defect‐free care[c](#jah31975-note-0008){ref-type="fn"}   86.4                                                        87.3                                                                 87.4   2.9   3.0
  Anticoagulation for AF patients                           93.0                                                        93.5                                                                 93.7   1.8   2.8
  Antithrombotics at discharge                              97.2                                                        97.5                                                                 97.6   2.3   2.6
  Dysphagia screening                                       77.5                                                        78.7                                                                 77.5   2.9   0.0
  VTE prophylaxis                                           96.6                                                        97.2                                                                 97.1   3.4   2.5
  Statins at discharge                                      89.9                                                        90.4                                                                 90.8   1.9   3.1
  Assessed for/received rehabilitation                      92.0                                                        92.5                                                                 92.4   1.8   1.3
  Antithrombotics by day 2                                  96.1                                                        96.4                                                                 96.3   2.0   1.1
  Smoking cessation counseling                              95.5                                                        96.1                                                                 95.5   2.9   0.1
  Stroke education                                          72.1                                                        73.3                                                                 71.0   2.7   −2.4
  Timeliness metrics                                                                                                                                                                                      
  tPA Rx (arrive ≤3.5 h, treat ≤4.5 h)                      39.3                                                        40.5                                                                 37.9   2.5   −2.9
  tPA Rx (arrive ≤2 h, treat ≤3 h)                          74.1                                                        75.2                                                                 74.9   2.5   1.9
  Door‐to‐imaging ≤25 min                                   24.2                                                        24.5                                                                 23.8   0.6   −0.9
  Door‐to‐needle ≤60 min (tPA only)                         35.5                                                        36.0                                                                 34.2   1.2   −2.6
  Cared for in stroke unit                                  64.5                                                        66.9                                                                 65.7   5.1   2.5

AF indicates atrial fibrillation; HRR, hospital referral region; Rx, prescription; tPA, tissue plasminogen activator; VTE, venous thromboembolism.

Based on availability per 100 000 residents of neurologists, radiologists, emergency room physicians, physical medicine and rehabilitation specialists, hospital‐based registered nurses, and inpatient hospital beds.

A standardized difference greater than 10% is typically considered meaningful.[14](#jah31975-bib-0014){ref-type="ref"}

Receipt of all stroke performance metrics for which the patient was eligible. Eligibility was defined separately for individual metrics.

The results from a multivariable regression analysis comparing in‐hospital outcomes across resource regions are provided in Table [3](#jah31975-tbl-0003){ref-type="table-wrap"}. After adjusting for demographics, clinical comorbidities, and event characteristics, we found similar rates of venous thromboembolism complications and tPA complications among patients hospitalized at low‐, medium‐, and high‐resource sites (unadjusted hospital‐level rates provided in Table [S3](#jah31975-sup-0001){ref-type="supplementary-material"}). Compared with low‐resource regions, adjusted in‐hospital mortality (odds ratio \[OR\]; 95% CI) was similar in high‐resource regions (OR, 1.00; CI, 0.92, 1.09 \[*P*=0.92\]) and slightly higher in medium‐resource regions (OR, 1.09; CI, 1.02, 1.16 \[*P*=0.01\]). Examination of two indicators of positive poststroke discharge outcomes---discharge to home and ambulating independently at discharge---did not reveal differences among patients in low‐, medium‐, or high‐resource regions (Table [3](#jah31975-tbl-0003){ref-type="table-wrap"}). Median length of hospital stay was similar across regions. Results from a sensitivity analysis limited to the population of patients with complete information on stroke severity (National Institutes of Health Stroke Scale) were similar to those results from the overall analysis (data not shown). In a second sensitivity analysis with HRRs reclassified as low (1 category in \>50th percentile), medium (2 or 3 categories in \>50th percentile), and high (4+ categories in \>50th percentile), re‐results were similar for all comparisons except for the comparison of high‐ versus low‐resource availability and in‐hospital mortality, which was not significant in the original analysis but became significant in the reclassified analysis (Table [S4](#jah31975-sup-0001){ref-type="supplementary-material"}).

###### 

Multivariable Adjusted[a](#jah31975-note-0009){ref-type="fn"} Odds Ratios (95% CIs) Comparing Patient Outcomes by Healthcare Resource Availability

  Outcome                                                            Low   Medium              *P* Value   High                 *P* Value
  ------------------------------------------------------------------ ----- ------------------- ----------- -------------------- -----------
  In‐hospital complications                                                                                                     
  Venous thromboembolism                                             Ref   1.13 (0.78--1.62)   0.52        1.04 (0.74--1.45)    0.84
  tPA‐related complications[b](#jah31975-note-0010){ref-type="fn"}   Ref   1.08 (0.83--1.42)   0.56        0.82 (0.58--1.15)    0.24
  In‐hospital mortality                                              Ref   1.09 (1.02--1.16)   0.01        1.00 (0.92--1.09)    0.92
  Discharged to home                                                 Ref   0.99 (0.95--1.03)   0.70        0.97 (0.92--1.02)    0.29
  Ambulating independently at discharge                              Ref   1.01 (0.94--1.08)   0.79        0.96 (0.89--1.05)    0.38
  Length of inpatient stay, d                                        Ref   1.00 (0.98--1.02)   0.89        1.001 (0.99--1.03)   0.50

Adjusted for patient and hospital characteristics.

Tissue plasminogen activator (tPA) patients only.

In a sensitivity analysis examining outcomes by each of the 6 individual healthcare resources, we found that greater availability of neurologists and physical medicine and rehabilitation specialists (per 100 000 residents) and fewer inpatient beds (per 100 000 residents) were associated with higher adjusted rates of defect‐free care (Table [S2](#jah31975-sup-0001){ref-type="supplementary-material"}). Greater availability of neurologists, physical medicine and rehabilitation specialists, and inpatient hospital beds were associated with greater length of hospital stay. No associations were observed for individual resource availability and in‐hospital mortality, ambulatory status at discharge, tPA‐related complications, or venous thromboembolism.

Discussion {#jah31975-sec-0012}
==========

In this study, we examined the availability of 6 healthcare resources relevant to acute ischemic stroke and length of stay, rates of complications, and in‐hospital mortality. We had several major findings. First, the majority of patients with acute ischemic stroke enrolled in GWTG‐Stroke were hospitalized in medium‐resource regions, followed by low‐resource and‐high resource regions. Second, comorbidity burden was similar across patients admitted for acute ischemic stroke to hospitals in high‐, medium‐, and low‐resource HRRs. Third, hospitals in high‐ and medium‐resource HRRs were more likely to deliver defect‐free care than those in low‐resource HRRs, but this difference was small. Finally, among hospitals participating in GWTG‐Stroke, adjusted estimates of in‐hospital outcomes did not differ by availability of the 6 selected resource metrics.

Facilitating access to specialized care has received increasing focus as a mechanism for reducing stroke morbidity and mortality, as evidenced by numerous recent telemedicine and related initiatives aimed at increasing access to stroke specialists in under‐resourced and underserved populations.[15](#jah31975-bib-0015){ref-type="ref"}, [16](#jah31975-bib-0016){ref-type="ref"} These efforts are founded on a growing body of evidence suggesting that involvement of nursing and physician specialists in acute stroke care may have a direct impact on health outcomes.[17](#jah31975-bib-0017){ref-type="ref"} In a population of patients treated at 42 academic medical centers in the University Health Systems Consortium, in‐hospital mortality rates were substantially lower in academic centers with a vascular neurologist, as well as those who limited tPA administration to neurologists, compared with other academic centers.[18](#jah31975-bib-0018){ref-type="ref"} In a comparison of in‐hospital outcomes in patients in the Veterans Affairs Stroke Study treated by either a neurologist or a non‐neurologist, Goldstein and colleagues[19](#jah31975-bib-0019){ref-type="ref"} reported that patients treated by a neurologist were 37% less likely to be dead or dependent at discharge, regardless of event severity or differences in comorbidity burden. One likely mechanism for these patterns is improved adherence to evidence‐based metrics in centers with higher resource availability. In one analysis of 4897 patients in the Paul Coverdell National Acute Stroke Registry, Reeves and colleagues[20](#jah31975-bib-0020){ref-type="ref"} reported that involvement of a neurologist in stroke care was associated with a 4.9% increase in the proportion of filled care opportunities. Consistent with this prior work, we found that increasing availability of neurologists was associated with higher adjusted rates of defect‐free care. In another analysis of Medicare claims data, patients treated by neurologists had significantly lower adjusted 90‐day mortality rates compared with those who were not. These differences may have been due to increased adherence to evidence‐based guidelines, such as prescription of warfarin, and a higher proportion of patients who were discharged to inpatient rehabilitation facilities.[21](#jah31975-bib-0021){ref-type="ref"}

Despite the evidence supporting increased access to specialists for delivery of high‐quality stroke care, less is known about the influence of healthcare resource regional variation on quality and outcomes. In a landmark study assessing quality and cost differences among Medicare beneficiaries, Baicker and colleagues[6](#jah31975-bib-0006){ref-type="ref"} reported that areas with a higher number of specialists per capita had higher healthcare costs and were less likely to deliver high‐quality care; availability of nurses was not associated with variation in quality or cost. Additionally, increasing the number of general practitioners by 1 per 10 000 per state, while decreasing the number of specialists, was associated with a reduction in spending and a 10‐place rise in the state\'s quality rank. However, the authors considered 24 quality measures for the treatment of both chronic and acute conditions, and prior work suggests the importance of specialist availability, particularly for acute conditions.[22](#jah31975-bib-0022){ref-type="ref"}

We extend this prior work by considering specialist availability, as well as a broader set of healthcare resources and additional relevant clinical outcomes, such as in‐hospital complications, in a large national database of acute stroke. We did not find significant associations with quality or in‐hospital outcomes across regions categorized as having low‐, medium‐, or high‐resource availability. One possible explanation for our findings is the nature of the analytic population. GWTG‐Stroke is a large national quality improvement initiative that has been shown to be representative of the larger stroke population in the United States.[23](#jah31975-bib-0023){ref-type="ref"} However, GWTG‐Stroke is a network of hospitals that facilitates sharing of best practices and quality improvement strategies, and evidence suggests that program participation is linked to sustained improvements in delivery of evidence‐based quality metrics independent of hospital volume, bed size, or teaching status.[11](#jah31975-bib-0011){ref-type="ref"} Absolute adherence to quality metrics were high among most participating hospitals. Therefore, it is possible that GWTG‐Stroke hospitals represent a select sample of centers that are particularly focused on improving quality of care and outcomes, which may minimize quality differences attributable to variation in resource availability. Another possible explanation for these findings is the choice of resources for assessment. We selected 6 resources relevant to the care of acute stroke patients that were collected as part of the DAH project. Nevertheless, there are likely other healthcare resources relevant to acute stroke care, and it is possible that differences in the number of clinicians and in‐hospital beds may be too small to fully reflect important differences in resource availability.

Study Limitations {#jah31975-sec-0013}
-----------------

Several limitations to our analysis are worth noting. First, a number of factors likely influence regional availability of healthcare resources, including variation in stroke incidence, complexity of patients, and event severity. While the detailed clinical information captured in GWTG‐Stroke supports adjustment for differences in case mix, it is possible that there were unmeasured characteristics of the patient population that influenced our findings. Second, we did not have specific information on regional availability of stroke unit staffing and resources. For example, we did not have information on the use of a telemedicine program at each hospital, and access to such programs may reduce the influence of geographic variation in stroke resources on acute stroke outcomes. Third, our clinical end point analysis focused on in‐hospital outcomes including mortality and complications, yet delivery of high‐quality care/evidence‐based medications at discharge, stroke education, and rehabilitation services may result in longer‐term benefits that are not apparent for several months after hospital discharge. Fourth, residual measured and unmeasured confounding may have influenced these findings. Additionally, we defined HRRs as low, medium, and high based on DAH data, which is only publicly available for 2006; therefore, we were unable to account for changing resource availability over the study period (2006--2013). Fifth, effect estimates for many analyses are small in magnitude and, while statistically significant, may not represent clinically significant differences. Finally, we focused on the availability of hospital‐based resources for acute stroke. Availability of primary care and other providers in the outpatient setting may influence prestroke and poststroke medication adherence and access to secondary prevention strategies.

Conclusions {#jah31975-sec-0014}
===========

Significant variation exists in regional availability of healthcare resources for the treatment of acute ischemic stroke. However, among 1898 hospitals participating in GWTG‐Stroke, quality of care and in‐hospital outcomes for acute ischemic stroke did not differ significantly by selected metrics of regional resource availability. Further exploration of other relevant markers of resource availability and outcomes is warranted.
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